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Substantial evidence suggests that highfat, low-fiber diets are a significant factor in the high incidence and mortality of colon cancer in the Western world (18, 22) . Eleven out of 17 existing case control studies have demonstrated an inverse association between the intake of fiber and the development of colon cancer (16) . However, large prospective cohort studies have failed to demonstrate (within their duration) the protective effect of fiber on the risk for developing colon cancer (4, 5, 23) .
Laboratory animal models have been used extensively to examine the protective effect of fibers on chemically induced colon tumors (9, 10, 30) . Most importantly, certain dietary fibers have also been shown to reduce the incidence of colon tumors in rats fed high-fat diets (9, 11, 30) . Although insoluble dietary fibers are most commonly associated with this anticancer potential (16, 17) , certain soluble fibers, such ABSTRACT Certain dietary fibers have been shown to reduce the incidence of colon tumors in rats fed high-fat diets. Although insoluble fibers are most commonly associated with this anticancer potential, certain soluble fibers, such as psyllium, flaxseed, and soybean, have also been shown to inhibit chemically induced colon cancer in rodents. The main purpose of this research was to evaluate the effect of wheat bran, flaxseed, and soybean alone and in combination on azoxymethane (AOM, Sigma Chemical Co., St. Louis, MO, U.S.A.)-induced colon tumorigenesis in Fisher-344 rats maintained on high-fat diets. A total of 165 male Fisher-344 rats was divided into 11 test diet groups. After three weeks on test diets, the rats were given injections of ethane AOM (15 mg/kg of body weight) and remained on their respective experimental diets until killed by exsanguination under anesthesia at week 10. The colons were removed and prepared for evaluation of colonic aberrant crypt formations (ACF). Results indicate that both insoluble (wheat bran) in various combinations with soluble (soy, flax) fibers significantly reduced both the number and size of ACF. The soybean diet resulted in a significant decrease (p < 0.05) in the number of ACF compared with wheat bran or flax. ACF incidence and multiplicities were significantly reduced (p < 0.05) in dietary groups including flax and wheat bran fiber in combination with soybean.
Dietary Combinations of Wheat Bran, Flax, and Soy Reduce ACF in Rat Model
Carmen L. noChera 1 and o. aLabaster 2 as psyllium, flaxseed, and soybean, have also been shown to inhibit chemically induced colon cancer in rodents (28) . A previous study in our laboratory (1) observed an enhancement of the protective effect of dietary wheat bran by psyllium against colon cancer on rats fed high-fat diets when the two types of fibers were administered as a 1:1 combination. A similar study (21) demonstrated a synergistic effect of a 1:1 combination of wheat bran fiber and psyllium fiber against a carcinogen-induced mammary cancer on rats consuming a high-fat diet. Synergistic interaction is limited to wheat bran and other dietary fibers with antitumor properties; however, synergistic interaction between flax and soy has not been examined. Flax and soy contain other components, such as phytoestrogens, which may exert antitumor effects independent of fiber (26) . Additionally, soy contains protease inhibitors and both soy and wheat contain phytic acid, which has been shown to prevent cancer in many different organ systems. Diets containing large amounts of soybean products are associated with lower cancer mortality rates, particularly for cancer of the colon, breast, and prostate (8) . Often, wheat bran, flaxseed, and soybean are present in breakfast cereals and health foods, sometimes in combination. Therefore, this study was designed to evaluate the effect of wheat bran, flaxseed, and soybean alone and in combination on AOM-induced colon tumorigenesis in Fisher-344 rats maintained on high-fat diets.
MATERIALS AND METHODS

Animals, Diet, and Carcinogen Administration
A total of 165 male Fischer-344 rats was obtained from Hilltop Laboratories in Scottdale, PA, U.S.A., at 21 days of age. The rats were housed, with five per cage, in a temperature-and humidity-controlled (21 -24°C) animal facility with a daily photoperiod of 12-h light/dark cycle. After a one-week acclimatization and quarantine, while consuming standard laboratory rat chow 5001 (Purina, St. Louis, MO, U.S.A.), rats were randomly divided into 11 groups, each group receiving one of the 11 test diets (Table I) for 10 weeks. De-ionized water was available ad libitum. Body weights were recorded weekly. On week two and week three following the initiation of the experimental diets, rats were given subcutaneous injections of AOM at a dose of 15 mg/kg of body wt/week or normal saline injection in the same volume. All the animals were then maintained on their respective experimental diets until the termination of the study eight weeks after the first injection. Rats were killed by exsanguination under ether anesthesia, and the colons were removed and prepared for evaluation of colonic ACF (25) .
Diets
Diets were modifications of the semisynthetic rat diet developed by the American Institute of Nutrition, AIN-76A (19) . A basic, high-fat diet (HFD; 20% w/w fat) was formulated and modified with various levels and combinations of fibers. The composition of the basic diet is described in Table I . Experimental diets were formulated with a wheat bran fiber content of 0-8%; the latter dose being optimum based on previous experiments in our laboratory (2) ( Table I) . The wheat bran, soy, and flax were provided as a gift from the Kellogg Company in Battle Creek, MI, U.S.A. Test diets were formulated to determine the synergisitic effects of wheat bran and other fibers. The test groups re-ceived combinations of wheat, soybean, and flax fibers as described in Table II .
Tissue Preparation
Following euthanasia, colons were removed, flushed with phosphate-buffered saline (PBS), cut open along the longitudinal median axis, pinned out flat, and fixed for 2 h in 4% paraformaldehyde in 0.1M sodium phosphate buffer (pH 7.4) at 4°C. The fixed tissue was stained for 3-5 min in 0.2% methylene blue in 0.1M sodium phosphate buffer (pH 7.4) and rinsed in fresh phosphate buffer at 4°C for 30-60 min for more even distribution of the blue stain. The intact mucosal segments were placed luminal side up on microscope slides and the entire colonic mucosa was observed with low magnification for measurement of ACF.
ACF Detection and Quantitation
The detection and quantitation of ACF was performed using methods previously described. ACF were distinguished by their slitlike opening, increased staining, size, and pericryptal zone (22, 23) . The formation of ACF was expressed as the number of ACF per rat (mean ± SD) (12, 16, 19) . Previous experimental evidence suggests that large-size ACF (>4 AC per foci) progress through multiplication to ACF with higher multiplicity and that such ACF with higher multiplicity are more likely to progress to malignant tumors. Therefore, large-size ACF and ACF multiplicity were calculated. ACF multiplicity was defined as the percentage of large-size ACF (≥4 AC per foci) per the total number of ACF per colon. ACF were reported as a mean ± standard deviation as observed.
Statistical Analysis
Data of ACF formation and animal body weight were analyzed by a one-way ANOVA and the Student's t-test to determine the effect of the three sources of dietary fiber with different formulas. When the p-value was <0.05, means of groups were separated using Duncan's multiple range test. Data were considered significant at p < 0.05.
RESULTS
Dietary fiber manipulation and AOM administration did not significantly (p > 0.05) affect food consumption or weight gain (Fig. 1) of the animals compared with the vehicle-injected controls. No evidence of severe atypia, carcinoma in situ, or microscopic adenocarcinoma was seen by light microscopic examination at eight weeks following injection with AOM. Table III shows that wheat bran, soybean, flax, or their combinations significantly decrease (p < 0.05) colonic ACF formation. The multiplicity was calculated for each rat and was averaged for each group. Differences in ACF among the 100% levels of the three dietary fiber sources (Groups I, II, and III) were examined. The 100% soybean diet resulted in a significant decrease (p < 0.05) in the number of ACF compared with wheat bran or flax (25.00 ± 2.34 vs. 42.93 ± 8.96 or 43.67 ± 5.45). Combinations of equal amounts of flax, wheat bran fiber, and soy did not lead to a significant decrease in ACF when compared with the separate effect of soybean. Combinations of equal amounts of flax, wheat bran fiber, and soy did lead to a significant decrease in ACF when compared with the separate effect of flax or wheat bran fiber. The lowest total ACF and the number of large ACF in this study, compared with all other combinations, were seen when soy was maintained at 50% (Groups V and VII) in combination with only one other fiber (flax or wheat bran). However, they are not significantly lower than some of the other groups. When three fibers were combined (Groups IV, VIII, IX, and X), there was a significant decrease with respect to the lowering of ACF and the number of large ACF. Soy alone (100%, Group II) was not significantly different from soy in combination (one-sixth to two-thirds) with flax or wheat bran (Groups VII, IX, and X) but were sig- nificantly more effective in reducing ACF and the number of large ACF than either flax (Group III) or wheat bran (Group I) alone.
DISCUSSION
All stages of colon cancer development from early-cell proliferation to cancerous lesions are affected by diet. No overt cancerous lesions were detected in this study in response to AOM and diet due to the short duration of the experiment. Colon cancer develops in a stepwise manner, with each step resulting in the formation of a new, altered cell population, until one of those altered cell populations eventually expresses the phenotypic characteristics of cancer (3, 12) . Early detection of cancer or the modulation of the carcinogenic process requires the detection of altered cell populations or of precancerous lesions that serve as intermediate biomarkers.
Conventional cancer prevention bioassays in rodents use tumors as the end point of cancer risk and are therefore time consuming and expensive. ACF represent preneoplastic lesions that have been consistently shown to predict cancer risk under different experimental conditions in rodents (12) . In rodents and humans, ACF display genetic mutations including loss of the APC gene and K-ras gene mutations (6, 20) and histologic changes observed in colonic tumors (10, 15, 24) . The growth of ACF has been correlated with the adenocarcinoma yield. The number of ACF per colon is an assay for initiators of colon cancer (13, 14, 29) .
A previous report from our laboratory (19) and a subsequent study from Pretlow et al. (15) have clearly demonstrated a direct correlation between the AOM induction of ACF and the subsequent development of colon tumors in rats fed high-and low-risk diets or diets with and without a chemopreventive agent (15) . A recent study from our laboratory has also demonstrated a correlation between the inhibition of progression and/or reversal of ACF and the subsequent inhibition of tumorigenesis (6, 19, 20) . Experimental evidence suggests that some of the ACF with lower multiplicity progress through multiplication to ACF with higher multiplicity and that such ACF with higher multiplicity are more likely to progress to malignant tumors (9, 30) . To be able to obtain insight into the inhibitory effect on the progression or reversal of ACF, the large ACF with ≥4 AC per focus or the percentage of the number of large ACF in the total number of ACF, the ACF multiplicity, is a measure of the promotion effect of colon cancer (6) . Thus, size and multiplicity of ACF are useful as means to evaluate the preventive potential of wheat bran, soybean, and flax on early colon cancer.
In this study, insoluble (wheat bran) in various combinations with soluble fibers (soy and flax) has been shown to significantly reduce both the number and size of ACF. The combination of 50% soy with 50% flax or 50% wheat bran inhibited ACF development significantly better than wheat bran alone. Soy fiber alone or combinations of three fibers (one-sixth to twothirds soy with one-sixth to two-thirds flax and wheat bran) were also more effective in reducing ACF development than either wheat bran or flax alone. These reductions are in agreement with previous studies on the synergistic effect of 50% wheat bran and 50% psyllium diets on the reduction of AOM-induced ACF in Fisher-344 rats fed high-fat diets (1) .
In addition to the functional properties of fibers, the phytochemical components of the fiber sources must be considered. Flaxseed, an oilseed with an extremely high lignan content, has been shown to cause a 50% reduction in the growth of mammary and colon tumors in rats compared with controls (21, 25) . Mammalian lignans, primarily enterodiol and enterolactone, are produced by the bacterial flora in the colon from precursors in plant lignans (27) . Lignans have similar chemical properties as estrogen and antiestrogens and they provide a protective effect that seems to eliminate or suppress the growth of cancer. Soybeans also contain phytoestrogens, primarily diadzein and genistein, which may suppress carcinogenesis. Phytoestrogens may inhibit tumorigensis by nonestrogenreceptor-mediated mechanisms, including suppression of cell proliferation and angiogenesis, by inhibition of growth factor activation and tyrosine protein kinases, and/ or by stimulation of cell differentiation and apoptosis (26) . Other minor constituents of soy and wheat, such as phytates, are known for their chemopreventive potential. Oral administration of phytate decreases ACF in rodents during initiation and postinitiation stages of carcinogenesis (16) . In AOM-treated male Fischer-344 rats fed dephytinized wheat bran, wheat bran, or dephytinized wheat bran with added phytic acid, the protective effect of wheat bran was seen to be due to fiber and partially due to phytate (7) .
Although it is known that dietary fat plays an important role in the etiology of colon cancer, the consumption of fatty foods in the American diet has not considerably declined (16) . Some epidemiological studies support the hypothesis that dietary fiber can protect against colorectal cancer, but others have demonstrated an inconsistent effect (18) . The inconsistency may be the result of fiber not being a specific chemical entity and that various fibers can affect the colonic muccosa in different ways. In rats, wheat bran but not pectin protects against chemically induced colorectal cancer. However, large doses of fiber reduce fecal bile acid concentrations and excretions.
CONCLUSION
Our findings indicate that insoluble (wheat bran) in various combinations with soluble (soy and flax) fibers have been shown to significantly reduce both the number and size of ACF. These findings support the fact that diet plays a major role in the prevention of cancer, and the effect of a single diet component may not be as important as the combination of foods in the diet. A preventive approach for reducing the incidence of colon cancer not only Fig. 1 . Mean weight gain (g/week) by experimental diet in rats exposed to azoxymethane. depends on reducing dietary fat but also increasing dietary fiber. Further work to elucidate the effects of combined fibers may provide a model for enhanced disease prevention based upon the greater preventive potential of specific food combinations.
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